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AN EXPERIMENTAL ANALYSIS OF THE ACCOMMODA- 
TION-CONVERGENCE RELATION* 


Glenn A. Fry, Ph.D., F.A.A.O. 
Columbus, Ohio 


The theoretical and practical ramifications of this problem are 
numerous and varied, but the present paper is confined to a consideration 
of techniques used for inducing and measuring changes in accommodation 
and convergence and to demonstrate a refined method of measuring 
relative accommodation and relative convergence. Subsequent papers will 
deal with other aspects of the problem. 

The common method of inducing changes in convergence is 
through the use of a rotary prism placed over one eye (or each eye) 
while the two eyes are attempting to fixate a test object placed either at 
distance or at near. A rotary prism is usually calibrated to measure the 
deviation of a ray of light pasing through it, but in optometric practice 
it is customary to assume that this deviation corresponds to the angular 
distance through which the eye has to rotate in changing its direction of 
fixation from the fixation object to the image of this object seen through 
the prism. This assumption is approximately correct when a distant 
fixation target is used and no lenses are used in conjunction with the 
prism but fails to hold at the near point even when lenses are not used. 

In order to give a concrete demonstration of the amount of error 
involved at the near point, an experiment was performed with the 
apparatus shown in Fig. 1. Two plumb lines (A and B) were used, A 
to represent the point of fixation and B to represent the center of 
rotation of the right eye. These were separated 42.7 cm. A phorometer 
trial frame adjusted for a PD. of 60 mm. and placed so that the point of 
fixation (A) fell in the median plane of the instrument (CC’) and so 
that the auxiliary lens was centered on the line of sight (AB) and fell 
2.7 cm. from the center of rotation (B). A centimeter scale (EE’) was 
mounted perpendicular to the line AB and one meter behind B. By 
looking through the peephole (F) and varying its position on the scale, 
it was possible to line it up with plumb line B and the image of plumb 
line A. The centimeters of. deviation of the peephole from the zero 


*An abridgment of the material presented before the American Academy of Optom- 
etry at Rochester, New York. June 25, 1937. 
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point (D) on the scale represented the prism diopters which the eye 
would have to rotate to fixate the image of A. This was done for various 


E 


fry. Figure 


Fig. 1—Apparatus for demonstrating the effect of a rotary prism upon the direc- 
tion of fixation. 


base-out and base-in values for the rotary prism, both without a lens 
and with a +5.00 D. and a —5.00 D. lens. The results are plotted in 
Fig. 2. 

The graph shows that when no lenses are used, the actual effect 
upon the rotation of the eye differs 3/\ from the prism setting when the 
prism setting is 20A. This error is decreased by using a plus lens but 
increases with a minus lens, so that for the same prism setting of 20/A 
the effect on the rotation of the eye varies from 21 A to 15A in varying 
amounts of ametropia from +5.00 to —5.00 D. 


In order to avoid the use of rotary prisms, a reflecting phorometer 
was constructed whose general printiples of operation are illustrated in 
Fig. 3. This instrument is different in mechanical construction but serves 
the same purpose as the instrument described by Ames and Gliddon,* 
and possesses perhaps only the advantage of greater rigidity. By means 
of an adjustable biting board, the head is held fixed in such a position 
that the two eyes are located directly above two points (R and S) which 
serve as pivots for two arms each of which carries one of the mirrors 
shown in the figure. The fixation targets (A and B) are also mounted on 
swinging arms so that the distance from each fixation target to the cor- 
responding mirror remains constant, and so that the directions HB and 
GA are parallel to each other and perpendicular to the straightforward 
position of either line of sight. As the arms carrying the targets swing, 
the targets rotate around the points A and B automatically, and in this 
way remain perpendicular to AG and BH. The mirrors automatically 
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rotate on vertical axes (G and H) as their arms swing about the centers 
of rotation of the eye (R and S), and in this way the mirror image of 
each fixation target is kept projected always in the direction of the center 
of rotation of the mirror (SH for the right eye and RG for the left). 


Fry. Figure 2. 
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Fig. 2—The effect of a rotary prism on the direction of fixation. 


This arrangement makes it possible to measure the deviation of each eye 
from its straightforward position by the angular swing of the arm carry- 
ing the mirror. 


Fry. Figure 3. @) 


Fig. 3—Plan of the reflecting phorometer. 
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This type of apparatus presents a number of advantages other than 
that of accurately measuring the lateral rotation of the eyes. One of these 
advantages is that lenses can be mounted on the arms carrying the mir- 
rors and hence remain centered with respect to the lines of sight for 
various degrees of convergence. A similar advantage is that artificial pupils 
can be kept centered automatically on the lines of sight. The stimulus 
patterns for the two eyes are separate and hence the accommodation of 
the two eyes can be measured separately with convergence under control. 
Furthermore, the stimulus patterns can be modified slightly by placing a 
luminous point above the fixation target for one eye and a luminous 
point below the fixation target for the other eye and vertical alignment 
of the two points can be used as a check that the two eyes are actually 
converging in accordance with the stimulus demand. The fact that the 
mirrors are half-silvered makes it possible to present separate stimuli to 
the same eye, one seen by reflected light and the other by transmitted 
light. 

The apparatus is calibrated to measure convergence in degrees in- 
stead of prism diopters. The difficulty in using the prism diopter as a 
unit of convergence can be explained by reference to Fig. 4. If we let the 
line CD represent the straightforward position of the eye and use this 
as a zero point for measuring deviation, equal steps on the tangent scale 
DE can be marked off and these steps will represent an equal number of 
prism diopters of deviation. But as far as measuring the rotation of the 
eye is concerned, these steps do not have the same angular magnitude 
because their value decreases the further one gets from the zero position 
on the tangent scale. Hence the prism diopter value for a given rotation 
of the eye will depend upon the direction used as a zero point of reference. 


Fry. Figure 4. 


Fig. 4—-A comparison of the prism-diopter and the degree as units of deviation. 
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When the deviation is measured by equal steps on a circular scale as 
shown in Fig. 4, all of the units have the same angular value and this 
angular value is independent of any arbitrarily chosen direction of fixa- 
tion as the zero point on the scale. 

Another problem consists in developing a method for measuring 
the refractive state of the eye for a given set of stimulus conditions and 
of detecting and measuring changes in the state of refraction. The refrac- 
tive state of the eye at a given moment can be specified in diopters by 
stating the reciprocal of the distance in meters from the conjugate focus 
of the retina to some definite point connected with the eye which has 
to be chosen arbitrarily. If the point chosen is the principal point, the 
refraction is designated by Southall? as principal point refraction. If the 
anterior principal focus is used it is called focal point refraction. The 
vertex of the cornea might also be used, but in order to simplify the 
problem of lens effectivity, the spectacle point, 14 mm. in front of the 
cornea, has been used in this investigation. The spectacle point corre- 
sponds closely to the anterior focus of the eye, but the designation of 
this point as the spectacle point rather than the focal point has more 
significance in connection with the problem of lens effectivity and hence 
more meaning can be attached to this system of measuring the refraction 
by calling it spectacle point refraction. 

We face a more difficult problem when we attempt to determine 
experimentally a point which might be regarded as the conjugate focus 
of the retina because there is no single point from which rays of light 
can enter the eye through different parts of the pupil and then re-unite 
in a single focus. This situation owes its existence to the various chro- 
matic and monochromatic aberrations of the refracting system of the eye. 
These aberrations have been extensively investigated by Ames and Proc- 
tor,* and others. Some idea of the problem can be gained from Fig. 5 


Fry. Figure 5. 
Fig. 5—-Aberrant paths of incident rays which focus at the retina of a myopic 
aphakic eye. 


which shows the directions from which red, green and blue rays would’ 


have to come in order to pass through different parts of the pupil of a 
myopic, aphakic eye and converge to a common point on the retina. 
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Theoretically, one might use the paraxial focus for any specified wave 
length of light as an arbitrary point for measuring accommodation, but 
he might with equal justification use the smallest cross section of the 
bundle of rays. 

It is perfectly feasible to determine experimentally the paths of the 
incident rays of light which come to a common focus at the retina. This 
sort of thing has been achieved by Ames and Protcor® and it would 
certainly not be necessary to duplicate their work except for the purpose 
of using the same subject in comparing this method of determining the 
conjugate focus of the retina with other methods. 

The apparatus used for this type of experiment in the present in- 
vestigation is shown in Fig. 6. Two vertical slit sources of light are 


FRONT VIEW SIDE VIEW SHOWING BEAMS 
OF X AND Y FROM X ANDY TO EVE 


jt 


‘ FRONT VIEW 
OF T ANDS 


Fry. Figure 6. 
Fig. 6—Apparatus for measuring aberration. 


placed at X and Y, one above the other. The relative positions of the 
sources as seen from a front view are shown in the upper left hand part 
of the figure. Y is fixed and X can be displaced horizontally. The image 
(X’) of X is formed by the lower half of the double prism (W) and 
the lens (Z) in the spectacle plane (CC’). The image (Y’) of Y, 
formed by the upper part of the double prism and lens falls also in the 
same plane (CC’) and can be made to coincide with X’ or fall to the 
right or left of it. 

A screen with a vertical slit (T) covers the upper half of the 
double prism. A second screen with a vertical slit (S) covers the lower 
half of the double prism and can be displaced horizontally with respect 
to T. We have, therefore, two beams of light to be used in the experi- 
ment, one beam from X which passes through slit S to the point X’, 
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and the other from Y through the slit T to the point Y’. The beam 
TY’ passes through the center of the pupil. By varying the position of 
X, the beam from S can be made to pass through any point along the 
horizontal diameter of the pupil. The mirrors are half silvered and S 
and T are seen superimposed upon the mirror image of B as shown in 
the figure. 

With the right eye accommodated to get a clear image of the con- 
centric rings on target B and the left hand mirror set so that the eyes 
must converge 9° to make the impression of A integrate with that of B, 
the position of S was determined for the various position of X’ which 
would cause the retinal image of S to be vertically aligned with that of 
T. The results are presented graphically in Fig. 7. The writer served 
as subject and wore the following distance Rx: 

O.D. —.50 x 120 

O.S. —50 x 90 
The lines passing through the different positions of S on DD’ and the 
corresponding positions of X’ on CC’ represent the paths of the incident 
rays of light which converge at a common point on the retina. 


The light in this experiment was a heterogeneous mixture of wave 
lengths produced by a 74 watt bulb operated on 110 volts A.C. When 
a beam of this light passes through the periphery of the pupil, it suffers a 
dispersion into rays of different wave length so that if the image of S is 
observed on a dark background, the subject sees not a narrow image of 


Fry. Figure 7. 
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Fig. 7—Paths of incident rays which focus at the retina. (Horizontal meridian 
of the writer's right eye.) 
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the slit but an extended spectrum, red on one side and blue on the other. 
However, when this image of S is seen superimposed upon the mirror 
image of B, the red and blue fringes are not visible; only the most intense 
portion of this spectrum is seen and this constitutes a narrow line. The 
graph in Fig. 7, therefore, might be said to represent the monochromatic 
aberration pattern for light of maximum luminosity in the spectrum. 


As can be seen, the aberration involved in this experiment is that 
type known as coma which involves a gradual increase in refracting 
power from one side of the optical system to the other. In this particular 
aberration bundle the minimum cross section coincides with the paraxial 
focus at the plane of fixation. 


Another approach to the problem of finding a point to be desig- 
nated as the conjugate focus of the retina is to determine for a given re- 
fractive state of the eye that position for a slit or point source of light 
which will give the least blurred retinal image. A number of different 
methods could be used for determining the point giving the least blur, 
but a modification of the method used by Luckiesh and Moss* was 
chosen because it gives not only the point of least blur but also the 
relative degree of blurredness of the retinal images of objects at various 
distances from the eye. Furthermore, if necessary an absolute value for 
the degree of blurredness could be computed from the data obtained by 
this method.°® 

The fundamental principle of the method is that the relative degree 
of blur produced by placing a slit source at various distances before and 
behind the plane of fixation can be measured by finding the minimum 
width of the slit required to make it just visible. Throwing the slit be- 
hind or in front of the plane of fixation blurs the retinal image and de- 
creases the intensity at its center, thus making it invisible. The width 
of the slit necessary to bring it back to visibility is an indirect measure 
of the amount of blurring. 


The apparatus was arranged as shown in Figure 8. The fixation 
targets for the two eyes were provided by the mirror images of the trans- 
illuminated targets at A and B. The mirrors were arranged to make the 
eyes converge 9° in order to fuse the images of A and B. A vertical 
luminous slit could be placed at any point along the line ED. This slit 
appeared superimposed upon the mirror image of the target at B. Its 
apparent length was controlled by a diaphragm at E. The threshold for 
this luminous slit was measured for various distances from the spectacle 
point by varying the width of the slit which was determined by a screw 
adjustment manipulated by the subject with a flexible shaft. The. data 
are presented in the graph in Figure 9, the width of the slit being cali- 
brated in seconds of visual angle subtended at the entrance pupil of the 
eye (3 mm. behind the cornea). The writer served as subject and wore 
his distance Rx which is as follows: O.D. — .50 x 120 

O.S. — .50x 90 
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Attention should be called to the fact that during the entire experiment 
the right eye was attempting to focus a clear image of the concentric 
circles in target B. As the graph shows, there is a range of .75 D. in 


Fry. Figure 8. 1 
| 
ro) 


Fig. 8—Apparatus for measuring relative blurredness of retinal images of objects 
before and behind the plane of fixation. 


which there is no appreciable difference in the blurredness of the retinal 
image. This is of special significance because it means that the eye would 
have to be over or under-accommodated to the extent of about .50 D. 
from the center of this zone of minimum blur in order to obtain an ap- 
preciable degree of blurring. But the above experiment is of little value 
in providing a specific point which could be designated as the conjugate 
focus of the retina. 

In the investigation of the relationships between accommodation 
and convergence, it is not necessary to decide what is the most logical 
point to be designated as the conjugate focus of the retina. The thing of 
importance is to detect and measure changes in accommodation. An ade- 
quate method of doing this is provided by the apparatus shown in Fig- 
ure 6. The positions of the slits X and Y can be adjusted so that the 
two beams of light SX’ and TY’ enter the pupils at 1mm. on each side 
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of the center. Slit S can then be displaced with respect to slit T and the 
reciprocal of the distance from the spectacle to the point of crossing of 
paths SX’ and TY’ can be taken as a measure in diopters of the state 
of refraction. The point of crossing may be arbitrarily designated as the 
conjugate focus of the retina. Once S is set to give alignment, any change 
in accommodation will be manifested by the fact that S and T appear 
to break their alignment. On the assumption that the vernier acuity of 
the eye is 6’’ of visual angle, a value found by many investigators*, this 
method is capable of detecting changes of the order of .016 D. and 
with this accuracy the instrumentation is beyond reproach. In actual 
experimentation this method is a little too sensitive because the subject 
is bothered by minute fluctuations of accommodation in making a 
reading. 

If, under a given set of stimulus conditions one attempts to dis- 
place S and reset it to measure his relative state of refraction, the aver- 


Fry. Figure 9. 
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Fig. 9—Relative degree of blurredness of retinal images of slits at various dis- 
tances from the spectacle as measured by the width of slit required to make the slit 
visible. The dioptric value of the distance to the fixation target was 2.50 D. 


age error for a group of readings is + .06 D. This fluctuation from 
reading to reading is about four times greater than the theoretical limit 
of accuracy but this fact can be attributed to the variability of the neuro- 
muscular mechanism involved rather than to some defect in the measur- 
ing technique. 

The following experiments were performed to demonstrate how 
this type apparatus can be used in measuring relative convergence and 
relative accommodation. The writer served as subject but did not wear 
his distance Rx which was as follows: 

O.D. — .50 x 120 
O.S. — 50x 90 
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In measuring relative convergence, the right mirror was kept in 
its Zero position while the left mirror was varied. The convergence was 
increased from 9° in steps of 1° until a definite blur was obtained. At 
each step the relative refraction was measured. The convergence was then 
decreased in steps of 1° until a blur in the opposite direction was ob- 
tained. The convergence was then increased back to 9° in steps of 1°. 
The results are plotted in Figure 10. Each value is an average of two 
readings. It is to be noted that as the convergence is decreased there is 
little change in the relative refraction of the eye until 4° is reached, at 
which point there occurs a rather rapid decrease. As convergence is in- 
creased beyond 9°, the rapid increase in refraction occurs at 17°. 


The single solid curve in Figure 10 is not sufficient to give us a 


Fry. Figure 10. 


ACCOMMODATION 


CONVERGENCE 


Fig. 10—TIllustrating the measurement of relative convergence with stimulus for 
2.50 D., of accommodation. 


reliable measure of relative convergence, but if we supplement this curve 
with two other curves, such as those indicated by the dash lines, made 
while the subject is wearing first a + 1.00 D. and then a — 1.00 D. 
lens over each eye in addition to the distance Rx, it is possible to draw 
in the dotted lines which are asymtotic to the three imperial curves, and 
the points where these dotted lines cross the 2.50 D. line represent the 
limits of relative convergence. One is not at all embarrassed to say these 
points are determinable within an accuracy of + .1° or + .2 A. 

The data in Figure 10 gives us a concrete idea of what happens in 
routine clinical tests of relative convergence. As the eyes are forced to 
turn in by base out prisms or turn out by base in prisms, unless the power 


of the prisms is too great the eyes maintain good enough focus to pre- . 


vent a noticeable change in clearness and finally when the eyes are 
forced to relax or increase accommodation, this occurs rather suddenly 
and results in a noticeable blurring of the image. Some authors have 


412 


= * 
4 
: 
a a. 
¢ 
¢ 
. 


AMERICAN JOURNAL OF OPTOMETRY 


recommended carrying the experiment to the first noticeable blur, others 
to a complete blur-out of letters. Although it would be possible with 
this type of apparatus to find out what point on the convergenée scale 
each of these subjective tests determines and how reliably it does this, 
such experiments have not yet been carried out. Casual observation 
during the experiment described above indicates that the first noticeable 
blur does not occur until the eyes over or under-accommodate to the 
extent of .50 D. and according to this all of the common routine tests 
would give a measure of relative convergence somewhat higher than it 
really is. 


Relative accommodation was investigated by adjusting the mirrors 
to force the eyes to maintain 9° of convergence and measuring the posi- 
tion of slit S which gives apparent alignment of slits T and S for pairs 
of spherical lenses of various powers placed before the eyes. It was neces- 
sary then to compute for each pair of lenses the amount of stimulation 
to accommodation and the resulting refractive state of the eye. The re- 
sults are plotted in Figure 11. As the power of the auxiliary lens is in- 


Fry. Figure 11. 


4 

< 
o 3 
= 3 
< 4 = ‘ 


STIMULYS TO ACC. 


Fig. 11—Illustrating the measurement of relative accommodation with 9° of 
convergence. 


creased above zero the accommodative mechanism relaxes to compensate 
the change until finally no further accommodation can be induced and 
the blur is accepted. The limit of negative relative accommodation is 
determined by the level on the graph to which the lower end of the 
curve is asymtotic. As the power of the auxiliary lens is decreased below 
zero, more accommodation is exerted until finally the stimulus pattern 
becomes quite blurred and the eyes give up their effort to maintain a 
focus. The highest value which the curve reaches on the graph repre- 
sents the limit of positive relative accommodation, i.e., for 9° of con- 
vergence. 


413 


ACCOMMODATION-CONVERGENCE RELATION—FRY 


In summary, it may be said that this paper has attempted to clarify 
the arbitrary assumptions which have to be made in the investigation of 
relations existing between accommodation and convergence, and to de- 
scribe the development of adequate methods of measuring changes in 
accommodation and convergence and the limits of relative accommoda- 
tion and relative convergence. 
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THE RELATIONSHIP OF LATERAL MUSCLE BALANCE AND 
THE DUCTIONS TO READING SPEED* 


Eleroy L. Stromberg, Ph.D. 
Oklahoma Agricultural and Mechanical College 
Stillwater, Oklahoma 


There are a number of visual responses which may be considered 
with respect to the binocular behavior of the eyes during reading. Ex- 
perimenters have recently turned their attention to the muscular coordi- 
nation of the two eyes and to the power of the eye muscles to maintain 
single binocular vision. 

One of the first studies of the relationship of eye muscle imbalance 
(heterophoria) to reading efficiency is that of T. H. Eames.*° He compared 
one hundred fourteen reading disability cases with one hundred forty- 
three unselected children. The principal finding of the study is that in 
reading disability the eyes are more exophoric at the reading distance. 
The results indicate that exophoria in distance vision and also low 
lateral dugtions occur frequently in the disability cases. 

In a later report Eames* summarizes a study of 64 reading disability 
“cases and 87 unselected school children and reports that the reading dis- 
ability “ p presents more exophoria, especially at the reading distance. 

Afteh|testing 33 reading disability cases and 100 unselected school 
children, Selzer® claims that 90 per cent of the former and only 9 per 
cent of the'latter group show evidence of eye muscle imbalance. He even 
goes further and says that eye muscle imbalance, alternating vision, and 
lack of fusion account for all reading disabilities not accounted for by 
general mental disability. Similarly Betts' reports that approximately 90 
per cent of the severely disabled readers are characterized ” faulty 
binocular coordination and astigmatism. 

Monocular eye muscle imbalance of 143 grade school children was 
determined by Crider*. He concludes that muscle imbalance is related to 
visual fusion, alternating vision, and ocular dominance. He also suggests 
that the two eyes be photographed simultaneously on a high speed 
camera during the reading of ordinary material in order to determine 
this relationship more adequately. 

The visual characteristics of poor readers in the second and third 


*From the Psychological Laboratory, University of Minnesota. 
*Submitted for publication September 10, 1937. 
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grades in school has been investigated by Fendrick*. He used 64 pairs of 
pupils, matched for age, sex, schooling, intelligence (I. Q. minimum of 
85), but definitely dichotomous in reading skill. The similarity of the 
experimental and control groups on tests of eye muscle balance tends to 
substantiate the tenet that lateral muscle imbalance is not a strong factor 
in the etiology of reading disability. 

Several surveys of ocular defects and their relation to reading dis- 
ability have been made by Brant Clark. His subjects have all been uni- 
versity students. In a study of the effect of binocular :mbalance on read- 
ing, twenty-two subjects were paired as to sex and scores in reading 
comprehension and linguistic ability from the Thorndike Intelligence 
Examination for High School Graduates, Form B. One group was char- 
acterized by a high degree of exophoria (12 to 16 prism diopters) while 
the other was characterized by low exophoria (0 to 3 prism diopters) at 
the near point. Binocular photographs of the eye movements during 
reading were obtained for all subjects. A comparison of eye-movement 
records of the two groups led Clark to conclude that there is no significant 
difference between them in regard to the number and duration of fixa- 
tions and regressions per line. This includes the average number of regres- 
sions, the average number of fixations, and the average reading time per 
line. The writer would question any difference in response which Clark 
could point out between his two small groups (N = 11 in each group) 
of subjects. Since they are paired on the basis of their scores on the 
Thorndike Reading Comprehension Test, it seems unlikely that one 
would find differences between them when they are compared on a sec- 
ond test of reading performance. A greater number of fixations and 
regressions is known to be associated with reading disability, but Clark 
has not compared efficient and inefficient readers. His subjects may be 
either good, or poor readers—he does not say at which point in the dis- 
tribution they are to be found. 

The results of Clark’s study indicate that high exophoric muscle 
imbalance may be a cause for larger divergence movements of the eyes 
during fixation, but it does not differentiate the experimental group from 
a control group if only the number of eye movements and regressions 
are considered. 

The present problem investigates the relationship of slow and fast 
reading to lateral muscle balance and the ductions in a group of fast and 
a group of slow readers matched for verbal intelligence. The subjects 
were university students. 


Method 


Seventy-one fast readers were matched with seventy-one slow 
readers on the basis of verbal ability according to the technique described 
by Stromberg’®. The lateral eye muscle balance of each student was deter- 
mined by the use of the Keystone Phoria Plates and the Keystone Tele- 
binocular. The Phoria Plates are described in the Keystone Manual of 
Visual Tests. They are used to measure near and far point phoria as well 
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as the ductions (abduction and adduction) at twenty feet and at sixteen 
inches. Four readings were made at these two distances for each of the 
phorias and ductions. The mean of these four was considered the measure 
of the efficiency of the visual mechanism. 


Results and Discussion 

The use of the Keystone Phoria Plates makes it possible to measure 
the eye muscle balance at the near point (16 inches) and at the far point 
(20 feet). The ductions can be determined by the use of the same in- 
strument. At the far point the normal phoria, as determined by ascertain- 
ing the mean measurement of a large sample, is zero. There is no reason 
for believing that the two groups in this experiment should deviate from 
the normal response. Yet the mean reading for the fast and slow readers 
alike is between minus four and minus five prism diopters. The instruc- 
tions for the administering of this test state that the stimulus plates 
should be placed at —.50, or beyond the first reading or infinity (20 
feet) , on the graduated shaft. This is an attempt to overcome any illusion 
of proximity since the stimuli are only about ten inches in front of the 
eye. Moving the stimuli further from the eye produces readings in the 
direction of esophoria, and perhaps that is what has occurred in this ex- 
periment. Whether this is true, or whether the Keystone instrument is 
not calibrated as are other optical instruments, has not been determined. 


Even though this instrument may not agree with some other optical 
instruments, the results obtained may be used for the comparison of the 
two groups of readers. No attempt is made to prescribe corrections for 
the anomalies found. As long as all members of both groups were meas- 
ured under identical conditions and with the same instrument the results 
are comparable. 


There is some discussion about what shall be considered the normal 
phoria at the near point. Duane, Theobald, Howe, Maddox, Sheard, and 
others find that there is a normal physiological exophoria of five to six 
prism diopters at reading distance. Clark* agrees with these findings, but 
contradicts them in another study’, where he indicates that a near point 
physiological exophoria of zero to two prism diopters is normal. The 
writer using the Keystone apparatus finds that the mean (normal) exo- 
phoria at the near point is between one and two prism diopters. T. H. 
Eames’ substantiates this finding in his data on the effect of age on near 
point phoria. 

Figures I and II show the distribution of phoria measures for both 
fast and slow readers. Examination of the two figures shows that the 
two groups are almost identical as far as the distribution of exophoria 
and esophoria are concerned. A statistical comparison of the two distribu- 
tions in each figure further emphasizes this similarity. In Figure I the 
distribution of fast readers has a mean of —4.81 with a standard error 
of 4.99. The distribution of slow readers has a mean of —4.70 with a 
standard error of 4.20. The critical ratio of the difference between these 
mean scores is .105 which is so slightly above chance that it is not indi- 
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cative of a real difference. In Figure II the distribution of fast readers 
has a mean of 1.24 with a standard error of 6.38. The distribution of 
slow readers has a mean of 1.33 with a standard error of 6.16. The 
critical ratio of the difference between these two means is smaller than 
the one immediately above. A critical ratio of .074 is indicative of a 
chance difference between the means of the two distributions. If lateral 
muscle balance were a contributing factor in reading efficiency, one would 
expect differences in the measurement of these two groups. The two fig- 
ures show that the differences between the fast and slow readers on the 
basis of eye muscle balance are insignificant. 
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The ductions were measured by means of the Keystone Phoria 
Plates and two reduced Snellen Charts. The instrument is calibrated to 
—31 diopters and +10 diopters at the far point, and —26 and +40 
at the near point. Both abduction and adduction were measured at the 
near and far points. The mean ductions for both groups of subjects are 
given in Table I. The number of subjects tested for each function is also 
stated in the same table. Variation in the number of tested subjects from 
the possible number (71 in each group) is accounted for by the fact 
that if the break in the fused image did not occur up to —31 diopters 
at the far point and —-26 diopters at the near point, no measure was 
recorded for that individual. This occurs chiefly in the case of high 
esophoria. The number of cases in each group to be compared is about 
the same. 


TABLE I 
Duction Measurements Using the Keystone Phoria Plates 
Far Point Near Point 
Fast Slow Fast Slow 
Readers Readers Readers Readers 
Adduction ......... N=50 N=54 N=43 N=47 
19.673 18.3105 23.86 22.29 
Prism diopters to 
11.404 11.573 11.70 11.37 
Abduction ......... N=68 N=69 N=68 
11.604 11.075 16.00 15.18 
Prism diopters to 
recovery ......... 6.125 5.806 9.23 9.29 


The data of Table I indicate that fast readers have higher ductions 
than do slow readers. The differences in all instances are slight. The larg- 
est is 1.57 diopters. All of these measures favor the fast reader group. A 
previously reported study of the same subjects by the writer’® points out 
that differences in visual efficiency are in favor of the slow reader as often 
as they are in favor of the fast reader. Optometrical measurements of 
acuity, ametropia, fusion and stereopsis are not related to reading effi- 
ciency as measured by the Chapman-Cook Speed of Reading Test. The 
differences in the ductions indicated in Table I are the first evidence of 
any difference which consistently favors one group of readers to be found 
by the writer. 


Conclustons 


Fast and slow readers are almost identical in the distributions of 
exophoria and esophoria. If lateral muscle balance were a contributing 
factor in reading efficiency, one would expect differences between the 
measurements of these two groups. 

Fast readers have higher ductions (power of the extrinsic muscles 
of the eye) than do slow readers. This is the only measurement in this 
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study as well as in a previously reported study by the writer in which 
the difference is consistently in favor of one particular reading ability 


group. 
The data of this experiment give no support to the contention 
that lateral muscle imbalance is a strong factor in the etiology of read- 
ing deficiency. There is an indication, however, that the power of the 
extrinsic muscles of the eye may be related to fast and slow reading. 


ELEROY L. STROMBERG, PH.D., 
OKLAHOMA AGRICULTURAL AND 
MECHANICAL COLLEGE, 
DEPARTMENT OF PSYCHOLOGY, 
STILLWATER, OKLAHOMA 
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READING DISABILITIES* 


Nelson Greeman, Opt.D., F.A.A.O. 
San Antonio, Texas 


For several years it has been my pleasure to work with problem 
cases in the school, and I shall attempt to give you some of my observa- 
tions and the methods in which we attempted to solve them. 

In studying these cases a great many responded to the mere ap- 
plication of lenses, others responded to orthoptics while there were many 
others who apparently did not type as having difficulty in either the 
focus or triangulation reflexes and yet were failing in their studies. My 
interest in these cases was aroused by a fifth grade teacher, Mrs. Nora 
Jacobson, whose further duty in her school was to give a so-called men- 
tality test to each student before entering junior high school where they 
were rated mentally A-B or C and placed in groups accordingly. Having 
had most of these students under her observation for a year or more she 
pretty well knew the mental ability of each. There were many students 
who thought and reacted quickly and accurately whose vision was ap- 
parently normal and yet when it came to absorbing through the eye 
could not make the grade: so we came to the conclusion that the so- 
called I. Q. test as given was largely a matter of the student’s reading 
ability. 

My interest was further aroused by the experimental work done 
by E. A. Taylor in the Austin schools, and I owe much to the research 
carried on by Dr. Geo. Parkins and his associates in Nebraska, also to 
the many others who are studying this problem. 

Reading is a thing we learn. Some have learned it well and some 
not so well. The first three years in school are used largely in teaching 
children to read, after that we read to learn or enjoy ourselves. 

Two factors determine how well one learns to read: 

First—The student himself, and his abilities or disabilities. 

Second—The teacher and the method used in teaching. 

Teaching methods are being improved and we as optometrists have 
our responsibility in seeing that some phases of reading teaching are 
directed in the proper channels. But our main concern is with those who 


*An abridgment of the material presented before the American Academy of Op- 
tometry at Rochester, New York, June 24, 1937. 
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have not had a proper start. There are three main factors that interfere 
with this learning process: 

First—Physical disability and immaturity. 

Second—Mental disability and immaturity. 

Third—Social immaturity and adjustment. 

Quick reading, depending upon the nature of the subject matter— 
size and type of print—whether it is words or numerals—and lighting, 
requires a fairly accurate degree of focusing and triangulating, a good 
coordination, good eye movements, accurate fixation, attention, desire, 
and then some practice in doing it. 

Each case is an individual problem and must be solved accordingly. 
It is possible, however, to raise the composite reading ability of an entire 
group through group training. It has been done in one of our Texas 
schools. 

Our office procedure is as follows: We make a minimum analytical 
examination including test of reading ability and comprehension as ad- 
vocated by the American Research Council, or a photograph of the eye 
movements. The indicated corrective measure whether in the form of a 
lens correction, orthoptics or syntonics are first given. We then make 
another test of reading ability and comprehension, if the ability falls 
below the average or if there is a desire for an increased ability we give 
the third step, which is special reading training as outlined by Dr. Geo. 
Parkins supplemented by rhythm-reading. 


Some Interesting Cases 


Case 1. N.G. Lad, age 12, B2 type. 

Lens correction worn for several years for school work. No com- 
plaint of discomfort. Grades in school: those requiring little eye work 
A or B, while those requiring reading ability were C and C—. Reached 
fifth grade and did not like to read or study. Good listener. Brought in 
by the teacher who felt that the child was intelligent but was afraid his 
I. Q. rating would be low because of his poor reading ability. 


Reading ability, 85 words per minute; comprehension 75%. 
Rhythm reading instituted for 20 training periods with results of: 
Reading ability, 150 words per minute; comprehension, 95%. 
September, 1936, patient returned for examination. 

Reading ability, 153 words per minute; comprehension 80%. 
Fifteen training periods were given (Parkins method), with results: 
Reading ability, 215 words per minute; comprehension, 100%. 


Observation: This lad had merely not learned how to read, the 
first three years of his schooling. He had an older sister who loved to 
read and all his reading was done for him. When she was sent to another 
school and he had to rely on his own ability he naturally failed and we 
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attributed his inability to a wrong social environment. Many mothers 
and older children do the same things and we should help educate the 
mothers to this fact. : 

Case 2. A.T. September, 1934. Young man, age 18. 

Difficulty in studying: eyes burn, some headaches, unable to con- 
centrate, gets confused. 

Case typing C/type, orthoptics instituted, symptoms of effort and 
pain relieved. 

Returned for examination each six months, with no return of for- 
mer symptoms. August, 1936, no complaint excepting inability to read 
quickly, stated that it required several hours additional study to get his 
lessons. He was studying law, which required many hours of reading. 

He discovered that his fourteen-year-old sister could read the same 
book in much less time than he could. 

Reading ability, 185 words per minute; comprehension, 85%. 

After 15 reading training periods (Parkins method), result was: 
Reading ability, 350 words per minute; comprehension, 95%. 

Observation: Poor ability probably due to method of teaching. 
Attended school in Mexico where the old method of teaching spelling 
and reading were used. 

Case 3. K.G. Boy, age 12. 

Complaint: headache, eyes burn, poor grades in reading. Case typ- 
ing revealed adequate reserves in both focus and triangulation reflexes. 

Reading ability, 82 words per minute; comprehension, 80%. 


Fixations per line, 6 to 7; regressions per line, 3 to 4. 

We gave 15 training periods (Parkins method), with following 
results: 

Reading ability, 257 words per minute; comprehension, 100%. 

Fixations per line, 3-4; regressions, 1-2 per line. 

Observation: Mother died when he was in the second grade in 
school. Probably emotional upset interfered with learning process. 

Case 4. W.M. Lad, 12 years old, B/type, Nystagmus. 

Complaint, poor vision, poor grades in school. 

Reading ability, 80 words per minute; comprehension, 30%. 

Rx. supplied. 15 training periods (Parkins method) given. 

Reading ability, 82 words per minute; comprehension, 70%. 

Case not completed. 

Observation: Poor reading ability due to poor vision. 


Following results were obtained in twenty-five average office run 
cases who were given from a minimum of 15 training periods to a 
maximum of 25. 
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- Before training: Average reading ability, 170 words per minute; 
average comprehension, 70%. 

After training: Average reading ability, 220 words per minute; 
average comprehension, 90%. 

Analyzing reading training cases indicates that emotional upset 
will retard reading training; that people with monocular vision either 
due to amblyopia or suspension may have a perfectly good reading 
ability, but usually the reading ability will drop when training is in- 
stituted but will be increased when binocular coordination is established, 
that each case is an individual case and must be treated such; that diffi- 
culties in either the focus or triangulation reflex should be corrected 
first; further, that we are living in an age when much of our success 
and happiness depends on our ability to absorb from the printed page, 
and a large percentage of failures in school are due to lack of good read- 
ing ability. 


School Survey 


One of our local schools made a survey of its entire student body. 
This survey was made entirely by the class room teachers, probably 
some of it was not entirely accurate, but it is sufficiently accurate to 
indicate the need. This survey was made of the entire student body of 
189 pupils ranging from low third to low seventh grade. The survey 
was made as suggested by the American Research Council. 


RECORD OF DEFECT 
. All vision functions normal 
. Defective vision, other functions normal 
. Defective vision with restricted eye movement 
. Vision more defective in dominant eye, other functions nor- 


. Vision more defective in dominant eye, also restricted eye 
movement 


. Eye movement restricted in one direction, all other functions 
normal 


. Movement restricted in both directions, also defective vision. 


. Movement restricted in both directions, all other functions nor- 
mal 


. Fixation ability defective, other functions normal 
. Fixation ability normal, also defective vision. .. . 


__ This survey indicated the need of reading training. Reading dis- 
abilities are a problem to teachers and educators who are anxious and 
willing to cooperate in relieving this condition. Here is a field that has 
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not been scratched. There are not half enough optometrists to do the 
work if all of them would give their entire time to this problem. 

Tests of reading abilities should be made on all children and stu- 
dents and reading training should be indicated wherever they fall below 
average. Probably as Dr. Harry Fuog suggests, this test should be given 
to all adults as well. 

In conclusion I believe that the correction of the reading problem 
offers optometry one of the largest fields of service. 


DR. NELSON GREEMAN 


MAJESTIC BLDG. 
SAN ANTONIO, TEXAS. 
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THE RELATIONSHIP OF VITAMINS A, C, AND G(B,) TO 
THE OCULAR STRUCTURES AND THE OCULAR 
MANIFESTATIONS OF THESE VITAMIN DEFICIENCIES* 


Ralph M. Abel, Opt.D. 
St. Louis, Mo. 


There are only six vitamins known to medical science today, and 
yet without the presence of any one of these six in our daily diet there 
are severe nutritional deficiency ailments which may befall us. 


“The existence of vitamins was satisfactorily demonstrated by 
Hopkins whose work has been so conclusive that it is often referred to 
as ‘Hopkins’ classical experiment.’’ He took two sets of young rats in 
about the same stage of their cycle of life and of about the same body 
weight. To Group I, he fed the isolated constituents of milk which was 
long known as an excellent food in the whole stage for growing animals. 
To Group 2, he gave the same isolated constituents of milk plus a 
minute quantity of fresh unboiled milk. The rats in Group | lost weight 
and manifested disease symptoms while those in Group 2 flourished. On 
the eighteenth day he reversed the diets so that Group | was getting the 
minute quantity of fresh milk while those in Group 2 were confined to 
the isolated purified products and almost at once a decided alteration in 
the weight curves of the Groups was noted. Group 1 began to gain 
weight, while Group 2 began to lose weight as well as to manifest disease 
symptoms. Inasmuch as a sufficiency of food as well as water had been 
given all the time the caloric factor as well as the minimum factor of 
protein, fat, and carbohydrates, and salt was not considered in the experi- 
ments. The amount of fresh milk was 2/500 of a pint per day, a neg- 
ligible factor as to its foodstuff content, yet this minute quantity con- 
tained something that was essential to proper growth and health. This 
something which he indicated as ‘‘an accessory food factor’’ was later 
‘called vitamin by Funk.* 


Research has revealed many of the mysteries concerning the con- 
struction of the vitamin but as yet there still remain many unknown 
factors. It is known,” however, that “‘the vitamin is one of a group of 
definite organic chemical substances of widely different structures and 
physiologic actions present in minute amounts in nature indispensable to 


normal nutrition, yet, itself contributing no energy or building material 


*Submitted for publication October 4, 1937. 
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to the body. No one vitamin can take the place of another.”” The vitamin 
has been aptly labeled by Gauss in his work on Clinical Dietetics as the 
‘protective factor in food; the natural therapeutic property which guards 
against the deficiency diseases.” 
The six known vitamins are as follows: 

. Vitamin A, the antiopthalmic fat-soluble vitamin. 

. Vitamin C, the ascorbic acid water-soluble vitamin. 

. Vitamin G(B,), the anti-pellagra water-soluble vitamin. 

. Vitamin E, the antisterility fat-soluble vitamin. 

. Vitamin D, the anti-rachitic fat-soluble vitamin. 

. Vitamin B, the antineuretic water-soluble vitamin. 


Of these vitamins, the first three are directly important to ocular 
health; of prime importance that is, insofar as greater effects in vitamin 
deficiency are concerned, is Vitamin A, the antiopthalmic vitamin, and 
then follow closely vitamins C and G. 

First let us consider Vitamin A and its therapeutic relationship to 
the eye. This essential food element is found in butter, cream cheese, 
American cheese, liver, carrots, rutabagas, egg yolks, and sweet potatoes. 
It maintains the growth and integrity of the epithelial linings of the 
body and consequently the identical linings of the eye namely the con- 
junctiva and the sclera, and it prevents the keratinization (hornyness) 
of the epithelial cells. 

If there is an absence, or a deficiency of, Vitamin A we find the 
following ocular impairments: 


1. Nyctalopia 

This is a condition of night-blindness in which the sight is good 
in daylight or in good illumination, but is poor in lesser amounts of 
illumination, or at night. There are no ophthalmoscopic changes, but 
there is impaired regeneration of the visual purple and certain external 
changes which are manifested by keratinized areas of the cornea. A 
deficiency of this vitamin is not the only cause of this disease as it gen- 
erally follows a secondary atrophy of the optic nerve and retinitis pig- 
mentosa. If, however, nyctalopia is caused by a deficiency of vitamin A, 
it has a very favorable prognosis, for it generally disappears if the gen- 
eral condition of health is improved and the patient placed upon a con- 
structive diet containing vitamin A sources. 


2. Keratomalacia 

This is distinctly a childhood nutritional disease. It begins with 
nyctalopia which progresses to such an extent that eventually the child 
is unable to proceed about alone. The conjunctiva becomes cloudy and 
keratinized in certain areas, this gradually spreads until the cornea is 
affected also. The keratinization process spreads rapidly and taking on 
the yellow color of pus results finally in the distintegration of the 
cornea, which in extreme cases may occur within a few hours.’ “‘Children 
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suffering from keratomalacia show a disturbance of the general condi- 
tion, which is generally pronounced even before the outbreak of the eye 
trouble, and which afterwards grow still greater. The children grow 
rapidly apathetic, having diarrhea alternating with constipation, become 
rapidly emaciated, and often ultimately die either from an exhaustion or 
from complicating bronchitis or pneumonia.”’ 


3. Xeropthalmia. 

This is probably the most dread of nutritional diseases resulting 
from Vitamin A deficiency. The cornea and the conjunctiva become kera- 
tinized, the lacrymal fluid fails to lubricate these areas and then copious 
serous secretions fill the eye, these later cease and the epithelial linings 
become thickened and opaque. The eyes, if not attended to, become in- 
curably blind, are constantly painful, and are very disfiguring. 

4 and 5. Subnormal Dark Adaptation and Impaired Regeneration of the 


Visual Purple. 

A new type of photometer, known as the bio-photometer, measures 
small dimunition in the ability of the retina to accommodate itself to 
vision in lower degrees of illumination immediately after its exposure 
to strong light. (The bio-photometer test is made as follows, the visual 
threshold of the patient is determined in milli-foot candles with the 
device. Then the patient rests his eyes in the dark for a standardized 
period of time. Then the eyes are exposed to a bleaching light for a 
standard length of time—the bleach light is shut off and a series of read- 
ings is made which indicates the extent and regeneration of the visual 
purple.) This retinal function has been proved to be dependent upon 
sufficient regeneration of the visual purple which is derived from Vitamin 
A, and consequently when its deposits are low this regeneration is slow 
and visual acuity greatly diminished in dim light. 


Sub-normal dark adaptation means the inability of the patient to 
readily adjust himself to darkness or lowered illumination after exposure 
to a strong light. This is due concurrently to impaired regeneration of the 
visual purple. To this lowered ability to adjust vision to semi-darkness 
may be ascribed many dusk and nighttime automobile accidents. Drivers 
low in vitamin A deposits who are suddenly confronted with bright 
auto lights may perceive them all right but during their reaction period 
- which will necessarily be some few seconds another car will come along 
and will not be seen at all, or not until it is too late. 


It is interesting to know that a medical writer, Harold Jeghers, 
(Annals of Internal Medicine, Vol. 10, pp. 1304, March, 1937), meas- 
ured the degree of visual purple regenerative powers by means of a 
photometer and found among medical students, nurses, and WPA 
workers, 28.2% of mild deficiency, 2.5% moderate, and 1.45% severe. 
Among charity patients selected at random the percentages were 41.7%, 
17.6%, and 7.7% respectively. This study leads us to conclude that 
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relief cases and also in poorer districts where the weekly wage just per- 
mits a family to exist that these individuals should be educated along 
dietary lines so that their needs in basic nutritional elements could be 


granted. 

In considering the relationship of Vitamin C to the eye and its 
ocular welfare, it is known Vitamin C is essential to the maintenance of 
the health and integrity of the endothelial tissues, and also that the 
crystalline lens is rich in Vitamin C deposits which decrease with advanc- 
ing age predisposing cataracts, and that an absence of vitamin C is un- 
doubtedly a factor in the cause of cataracts. In Vitamin News published 
by the Vitamin Products Co., Milwaukee, Wis., there is quoted the 
following from an article by H. K. Muller in Nature (London), August 
19, 1933, which says in part, “‘experiments on the significance of the 
aqueous humor in the Lens’ metabolism . . . have shown that the 
power of the aqueous humor of cattle and of the rabbit to reduce methy- 
lene blue does not depend upon the presence of an enzyme, but essentially 
upon a reducing substance which . . . can be treated with Iodine (Vita- 
min C). The vitamin C of the aqueous humor stands in close relationship 
to the metabolism of the lens. It is traceable . . . only in minimal 
amounts in the aqueous humor of the rabbit’s eye after the lens has 
been removed. The lens either secretes the Vitamin C into the aqueous 
humor or it reduces some component of the aqueous humor already 
present. The vitamin C of the aqueous humor must be brought in rela- 
tionship with the genesis of cataract. Within four hours after oral admin- 
istration of napthalene in doses sufficient to cause cataract, the capacity 
of the aqueous humor to reduce Iodine disappears. (Showing disappear- 
ance of the vit. C).” 

The benzol radicals when taken into the body through one food 
or another act in the eye in the formation of a cataract called a dini- 
triphenol cataract. Vitamin C due to its absorptive powers definitely aids 
in the absorption of this cataract. 

There are three tests used to determine Vitamin C deficiency, of 
these three only two are definitely reliable. These tests are: 

1. The Blood Plasma Test. 

If the blood plasma values are less than 0.75 to 0.80 milligrams in 
per cent of reduced Vitamin C the indications are of subnormal Vitamin 
C intake. 

2. Urinary Excretion Test. 

This is based on the determination by chemical titration of the 
normal amount of Vitamin C passed off in the urine, and response to 
large test doses of pure Vitamin C (cevitamic acid). 


3. Capillary Resistance Test. 

(This is not definite and is only used with one of the others purely 
as a diagnostic aid.) This consists primarily in creating a pressure on the 
arm of a patient and observing in a definite area the number of tiny 
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hemorrhages that appear in a certain length of time. 

Vitamin C is not stored in the body and consequently a fresh 
supply is necessary every day. This vitamin is found in green peppers, 
oranges, lemons, grapefruit, bananas, tomatoes, tomato juice, unpas- 
teurized milk, watercress, and raw cabbage. Also in other vegetables and. 
liver in small quantities. 

Vitamin G(B,), the preventive of pellagra—a skin eruption with 
brown scaly patches in localized areas, soreness of the mouth, indigestion, 
diarrhea, and redness of the tongue—is an important factor in maintain- 
ing the solubility of calcium in the system. It has been suggested by 
reputable medical authorities that cataract is a more reliable and constant 
indication of a deficiency of vitamin G than the skin disturbances de- 
scribed as its appearance is more consistent and is unmistakable. 

The cataract formed is known to be the results of calcium deposits 
in the lens, and after Vitamin G is given for this condition these deposits 
become absorbed and the cataract disappears within an extremely short 
while. The Journal of Nutrition, Jan., 1934, says in part: “Of 72 
rats receiving diet 625 (deficient in G) , 70 developed cataract between the 
40th and the 87th days . _. diagnosed by gross observation with the 
naked eye.’’-—Vitamin News, Vitamin Products Co., Milwaukee, Wis. 

There is no known test for Vitamin G deficiency. The principal 
sources of this vitamin are found in wheat germ, yeast, liver, leafy vege- 
tables, eggs, and milk. 

AUTHOR’S NOTE: 

As optometrists we are vitally interested in every factor that influ- 
ences the eyes, their state of health, and their perfection of vision no 
matter how near or remote the influencing effects of the factors may be. 
It is with this underlying principle in mind that I have attempted to co- 
ordinate into somewhat of an outline the facts concerning vitamins in 
general, what vitamins affect the eyes and in what manner, and how 
these vitamin deficiencies may be recognized by optometrists. Because we 
must have at our fingertips general information that will enable us at 
all times to provide our patients with the best possible and most accurate 
advice and service and to do this properly we must avail ourselves 
through various media of all factors that either directly or indirectly affect 
the eye and its health, and its general condition in all of its ramifications. 


RALPH M. ABEL 
409 CARLETON BLDG. 
ST. LOUIS, MO. 
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EDUCATIONAL TRENDS IN OPTOMETRY 


During the last few years definite changes have taken place in the 
trends of optometric education both undergraduate and graduate. In 
the optometry schools changes in the curricula have been made. The 
course of study has been advanced to a point that most optometry schools 
offer now a four year course and next year all grade ‘‘A’’ schools will 
teach four year optometry courses. The goal is now set for a two year 
preoptometry course the same as is now required in most medical and 
dental colleges. 

It is of special interest to observe the trends in graduate education. 
One may get a clear picture of these trends by examining the educational 
programs of a few organizations which are interested in education and 
research. As an example we shall present the recent programs of the 
American Academy of Optometry, The Minnesota Academy of Optom- 
etry, The Distinguished Service Foundation, The Post Graduate Courses 
of the Pennsylvania College of Optometry, and the College of Syntonics. 

Some of the papers presented at recent meetings of the American 
Academy of Optometry are: 


A Plastic Contact Lens. 
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The Appraisal of the Effectiveness of Orthoptic Training; Color, 
Motion and Form Perception Fields. 
A New Absorption Lens for Use in Selected Cases of Senile Cataract. 
Visual Efficiency for Near. (This is a research report on the speed 
of reading under certain conditions. ) 
A Clinical Study of the Validity of a New Procedure for Measuring 


Visual Acuity. 

Photographic Measures of Accommodative Convergence. (A Re- 
search Report. ) 

Emotional Disorders and the Eye. 

The Process Involved in Learning to Read. (An hypothesis.) 

Psychology and Diagnosis. 

An Experimental Analysis of the Accommodation-Convergence 
Relationship. 

Technique in Strabismus Orthoptics. 

If we now examine some of the papers presented at the Minnesota 
Academy we find that the trends are in the same direction. Some of the 
Papers are: 

A Clinical Technique for Training Slow Readers. 

The Recognition and Treatment of Ocular Symptoms Caused by 
Emotional Disturbances. 

The Development of the Conditioned Reflex Concept. 

The Clinical Ocular Symptoms of Abnormal Blood Pressure. 

A Modern Clinical Technique in Rhythm Reading. 

id The Clinical Significance in Optometry of Chromatic Accommo- 
ation. 

The Technique for Diagnosing and Treatment of Slow Readers. 

The Ocular Application of Conditioned Reflexes. 

Photoptic and Scotoptic Vision. 

Cases of Internal Ocular Pathology. 


Research Report on Ocular Fatigue. 
The Ocular Clinical Application of Conditioned Reflexes. 


Of particular interest is the trend toward specialization, particularly 
in the field of Orthoptics. About twenty years ago when this writer 
entered the field of orthoptics on an extensive scale and urged other 
optometrists to do the same he found himself to be a lone voice crying 
in the wilderness. With the exception of Drs. Samuel Robinson, Eugene 
Wiseman, Carel Koch, and several others he found very few optometrists 
indeed who cared to extend their field beyond that of pure refraction and 
spectacle fitting. Ophthalmology during all these years has ridiculed the 
idea that there was any clinical value to orthoptics. Even today, when 
some ophthalmologists are entering the field of orthoptics and some 
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articles on the subject find their way into the ophthalmological literature 
most of the ophthalmologists still look with scorn on orthoptics. 
In optometry on the other hand the clinical application of orthoptics as 
advocated by some of the pioneers took root. Year after year we could 
see the number of optometrists entering the field of orthoptics grow 
larger. Until today we have a specialized group who take their work 
seriously, and they organized the College of Orthoptics. To Dr. William 
Smith of Massachusetts and to the late Dr. F. D. Jackson of Virginia 
goes the credit for being the original organizers of this institution. 


Another late development is the ‘‘College of Syntonics.’’ Dr. H. R. 
Spitler is one of the pioneers in this movement. The college is fostered 
by a group of optometrists who are interested in the application of visible 
radiant energy of varying frequencies to the eye. This group recently 
built a new college building which was dedicated last August, and the 
following interesting and informative lectures, clinical and research re- 
ports were presented by optometrists and educators from different parts 
of the country: 


Effects of Syntonic Frequencies on Reading. (Photographs with 
the Ophthalmograph. ) 

Syntonic Frequencies in Photophobia. 

Syntonic Frequencies in Contracted Color Fields. 

A Syntonic Theory of Opacity Causes. 

The Rhythm Sense Under Syntonic Frequencies. 

Pinhole Observation in Opacity Cases. 

A Study of pH Changes Under Ophthalmic Tints. 

Effect of Certain Light Frequencies on Striped Muscle Function. 

The Syntonic Relief of Pain of Ocular Origin. 

Fear as a Cause of Abnormal Pupilary Reaction with Case Report. 

Bodily Electrical Constance Under Certain Light Frequencies. 

Syntonic Handling of the Ocular Manifestation of Nutritional De- 
ficiencies. 

Further Trends Toward the Syntonic Principle. 

Syntonic Procedure in Strabismus. 


Ocular Function as Altered by Endocrine Dysfunction and Sug- 
gested Syntonic Techniques for Handling the Ocular Manifestations. 


Personality Reactions, Normal and Abnormal, Under Syntonics. 

Syntonics in Corneal Opacities. 

Syntonic Procedures Indicated by Chromography (Illustrated with 
color film slides) . 

A Plea for a Broader Recognition of Abnormalities by Syntonic 
Optometrists. 


EDITORIALS 


Slow Readers. 

_ Some Ophthalmic Observations in Anemic and Hypo-tension Pa- 
tients. 

Anthropometry as the Method of Determining Constitutional 
Types. 

Hygiene of the Eye. 

Evolution of the Eye. 

The Physiology of Muscle Action. 

Basic Principles of Nerve Excitation and Conduction. 

The Electro-physiological Investigation of the Response of the Eye 
to Light. 

The Transmission of Color Impressions from the Retina to the 
Cortex. 

Electro-physics of Solutions. 

Electrical Variables. 

An Approach to the Correlation of Fixation, Fusion and Stereo- 
scopic Training with Syntonics. 

Non-hereditary Determinates of Biotypes. 

A Study of Modern Brain Physiology Indicative of Crude Segmen- 
tal Responses. 

The Kretchmer Biotype in Recent Research. 

Physiological Responses to Radiate Energy. 

Biological Responses of Living Things to Light of Selected Fre- 
quencies. 

It is indeed encouraging to see such impressive array of interesting 
subjects discussed by a group who are pioneering in a new field in the 
realm of ocular science and methodology. 

The Distinguished Service Foundation of Optometry is another 
institution which tends to constantly increase our store of knowledge. 
This Institution was founded by Dr. George Stevens Houghton and 
was dedicated to the work of greater conservation of human vision 
through research and higher education. During the few years of its exist- 
ence the Foundation has gathered within its ranks a body of eminent 
optometric practitioners, scientists and educators. 

Once each year a meeting is held when papers on various subjects, 
both clinical and research, are presented. The ‘“‘Gold Medal’’ is awarded 
to the person presenting the best thesis, the others are granted Fellowships 
or Associate Fellowships depending upon the merit of the thesis the 
candidate presented. 

Among the Fellows of the Foundation are now to be found sci-. 
entists of national and international reputation, representing the follow- 
ing branches; physics, psychology, biology, neurology, psychiatry, op- 
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tometry, medicine, illuminating engineering, and other related sciences. 


Some of the many fellowship theses presented at recent meetings 
of the Foundation are: 

Visual Color Fields. 

Ocular Pathology. 

Exophthalmic Goitre. 

Color Therapy. 

Color Blindness. 

The Role of Vision in Human Motivation. 

Orthoptic Treatment of Strabismus. 

The Ocular Manifestation of Diabetes Mellitus. 


The Effectual Use of Natural Light in School Rooms and School 
Visual Survey. 

The Reliability and Variability of the Near-Point Accommodative 
Tests, 

Psychology and Diagnosis. 


In the ‘Annals’ which is published by the Foundation appear the 
full text of the thesis for which the ‘““Gold Medal’’ is awarded as well 
as reviews of all other theses presented each year. This is a distinct and 
valuable contribution to the visual sciences. 


The last but not the least important of the educational institutions 
which contribute to the advancing trends in optometric education is the 
Pennsylvania College of Optometry. Not only is this institution a leader 
in the field of undergraduate education but of graduate as well. A few 
years ago the Dean as well as the members of the faculty realized the 
need for continued education for the practicing optometrists and to fill 
this need, they instituted a post-graduate course in optometry given 
annually free to all optometrists in the United States who feel the need 
and desire for advanced study. 


It is encouraging to note some of the advances made by the students 
and educators on the educational front. To some of us who advocated 
the advancement of our educational standards for the last two decades, 
it is indeed a satisfaction to note these advancing trends in optometric 
education. 


While the trends we described in these pages are healthy and con- 
ducive to the growth and advancement of the profession of optometry, 
some other trends have made their appearance of late, which might prove 
detrimental and destructive if they are not checked and eradicated in 
time. We feel it our duty to call this to the attention of our readers. 


Because of the fact that over a period of years there had been de- 
veloped a desire for more education, certain elements now try to capitalize 
on this trend and pass on questionable salesmanship in place of scientific 
facts, a questionable type of education in place of proven clinical infor- 
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mation. Some of these so-called educators formerly tried to pass their 
salesmanship amongst other professions and were thoroughly discredited 
and repudiated. They are now trying to get a foothold in optometry. 
We must guard ourselves against that group. In order to sell their type 
of education they attack universities, scientists and science as so much 
humbug. They claim that universities and science have nothing to offer 
optometry. They do this in order to make their brand of education stand 
out in bold relief. We must not give any charlatan or quack a chance to 
get a foothold on optometric education, for if we do then optometry 
most certainly will be on trial. Jack I. Kurtz. 


* * * * * 


SPECIAL REPORT 


“Reading Clinic of the Air’’ 


The first ‘‘reading clinic’ of the air, with half a dozen nationally 
known figures submitting themselves to a novel test, was broadcast over 
the Columbia Broadcasting System. 

This novel reading clinic proved to be not only informative but 
also highly enjoyable to those who listened in and who had an oppor- 
tunity to pit their reading and comprehension abilities against celebrities 
who participated. 

A brief description of what took place may prove interesting. A 
specially prepared story of about 500 words was used for the reading 
test, and shortly before the broadcast began, a copy of the script was 
handed to each of the volunteer readers. Then the announcer talked for a 
few minutes to his radio audience about reading and its importance in 
this world of ours after which he read, for their benefit, the test story. 
The story, incidentally, was read from a studio where it could not be 
heard by the contestants, so that they could not hear the story a second 
time. 

After the story had been read, Dr. Ruth Strang, Director of the 
Reading Clinic at Teachers College, Columbia University, asked the test 
subjects questions designed to demonstrate just how much of the story 
had been retained and absorbed by each reader. At the same time, the 
radio audience, if they so desired, had an opportunity to compare their 
powers of memory and comprehension with those of the test subjects. 

This test revealed for all subjects the average reading speed was 
475 words per minute and their remembrance of what had been read 
averaged 88%, an exceptionally good showing. 

It was pointed out, however, that many people are inefficient read- 
ers and that their defective reading habits are a barrier to advancement 
in business. Reference was made to American Optical Company’s Oph- 
thalm-O-Graph which was expressly developed to aid in the solving of 
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the reading problem and a brief description of its operation was given. 

The significant question that immediately occurred to those who 
listened with critical attention to this first reading clinic broadcast was: 
What a magnificent medium the radio is for educational purposes and 
how woefully it has been neglected in this respect so far. te 


ABSTRACT 


ON THE OCULAR MECHANISM OF ACCOMMODATION, by 
Charles I. Saks. The Columbia Optometrist. Vol. XI, No. 43, 
September, 1937. Pages 2-4. 


Saks questions the correctness of our accepted amplitude of accom- 
modation norms. He points out that the results of Ferree and Rand which 
show that there is a considerable effect of the increased intensity of illu- 
mination on the distance of the near point, and on the apparent dioptric 
power of accommodation at all ages, is not correct. In other words he 
contradicts the claim made by certain investigators that increased illumi- 
nation intensity stimulates accommodation. He claims the increase of 
illumination intensity causes a stimulation of the greater number of retinal 
receptors, which produce an enlargement of the physiological image on 
the retina. 

Saks maintains that there are two phases to the retinal image: 

1. The purely physical image, which is determined solely by the 

principals of physiological optics. 

2. The physiological image, which is determined by the number of 
retinal receptor that are stimulated. It is this second phase that 
is affected by the increase in illumination and not the former. 

He carries his analogy at great length to prove his contention, and 
finally arrives at the conclusion, that visual acuity is greater at near than 
in distance because: 

1. As an object is approached to the eye, the angular size is in- 

creased resulting in an enlarged retinal image. 

2. As an object is approached, the light reflected from it increased 
in the inverse square ratio. 

Both of the above factors result in more retinal receptors being 

stimulated. 

As the illumination intensity is increased, still more receptors are 
stimulated causing a spreading of the retinal image. The resulting in- 
creased acuity, is due primarily to more receptors being stimulated. 
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The increase of apparent dioptries of accommodation, when illumi- 
nation intensity is increased appears to be due to a stimulation of more 
retinal receptors, with little, if any, actual change of refractive power of 
the eye. 

Lag of accommodation varies inversely with the fixation distance. 

The true amplitude of accommodation, which can only be meas- 
ured by dynamic skiametry, is about 3.5 less than Donders table indicates. 

The expression ‘‘range of accommodation”’ should be replaced by 
“‘range of clear vision.’’ The range of clear vision cannot be measured 
in terms of dioptries of accommodation. 

Visual acuity is decreased by pupillary contraction, and is increased 
by pupillary dilation up to about 3.5 mm. SUK 


* * * * * 


BOOK NOTICES 


THE SCIENCE OF SEEING. Matthew Luckiesh, D.Sc., D.E. and 
Frank K. Moss, E.E. Published by the D. Van Nostrand Co., 
Inc., 250 Fourth Ave., New York City. 548 pages. Illustrated. 
Cloth $6.00. 1937. 


Here is one of the most interesting volumes of the year. Luckiesh 
and Moss have given us in this new book, the results of their years of 
intimate contact with those doing ocular work and have added to knowl- 
edge and writings of ocular matters their vast fund of experience in the 
field of lighting as it relates to visual comfort. This rare combination 
results in a new text dealing with the subject of visual comfort in a 
manner never before attempted. The work under discussion is a com- 
pilation of physiological optics, the physiology of vision, ocular hy- 
giene and the technical subject of proper lighting. This book could only 
be written by men who have been specially trained as scientists dealing 
with the subject of lighting, and men who have, over a period of years, 
allied themselves with all matters of related ocular interest, so as to 
become familiar with the thinking and developments of ophthalmologi- 
cal and optometric science. Luckiesh and Moss have done these things and 
because of the broad outlook which this type of study would produce, 
have placed themselves in the unique position of being able to weld these 
two related subjects of lighting and visual comfort together in a very 
readable and interesting manner. 

The first half of the book deals with the physiology of vision while 
the second deals with the effects of proper and improper illumination 


on the organs of sight. The book contains a wealth of valuable material ' 


and carries a full bibliography. No other book on ocular matters can 
be compared to this one inasmuch as it was written to fill a particular 


438 


AMERICAN JOURNAL OF OPTOMETRY 


grove heretofore neglected, and it is the reviewer's belief that the writers 
have succeeded very well indeed. This work must be read by optometrists 
to be appreciated, and it is recommended at this time that optometrists 
buy and read this text, as they have a real treat in store for themselves 
when they do. The authors are well known in optometric circles, and 
the knowledge they have acquired of ocular matters, coupled as it is 
with their engineering training makes them councilors of value to our 
profession. 


OPTICAL DEVELOPMENTS. Published by Riggs Optical Co., Chi- 
cago, Ill., Oct., 1937. 


Three articles of unusual interest and importance are featured in the 
October issue of “Optical Developments.” 

Ralph Coates, prominent Englishman, sets forth in his treatist, ““A 
Theory of Adaptations,”’ his beliefs and observations on the popular 
subject of orthoptic training. While his views are by no means revolu- 
tionary, they are of great interest to the profession because of their clarity. 

A second article is entitled, ‘““Concomittant Squint.’’ This relates the 
observations of G. G. Penman, who conducted extensive experiments in 
the treatment of concomittant squint by orthoptics. His findings, coupled 
with the views of Miss M. A. Pugh, serve to further acquaint the refrac- 
tionist with some of the problems in the correction of squint cases. 

The third feature in this issue is the conclusion of an article that 
aroused great interest when it appeared in the September issue. It is the 
study by Dr. Walter B. Lancaster on ‘‘Physiological Disturbances of 
Ocular Motility.” 

This is typical of the material presented to the profession each 
month through “‘Optical Developments.’’ Subject matter is not neces- 
sarily original, nor do the publishers assume responsibility for the 
opinions expressed but the articles are selected for their tendency to stim- 
ulate thought and research. J.ILK. 


* * * * * 


BUREAU OF VISUAL SCIENCE PUBLICATIONS. Published by 
the American Optical Co., Southbridge, Mass. 123 pages. Fiber 
Covers. 1937. 


This is a collection of twelve scientific papers on physiological 
optics, refraction, lens problems and clinical technique. The contents of 
these papers are the results obtained from the investigations carried on in 
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the Bureau of Visual Science, from personal experience of the staff mem- 
bers as well as information obtained from ophthalmic literature. The 
subject matter is profusely illustrated and it covers the subjects of retino- 
scopy, ophthalmometry, diagnosis and procedure in amblyopic cases. 
Suggested techniques of clinical procedure, the principles and use of 
Isakonic lenses, the correlation of retinoscopy and ophthalmometry and a 
descriptive technic of certain subjective visual acuity tests. 

The various papers are profusely illustrated, this enables the reader, 
at a glance, to visualize the descriptive subject matter. 

The material is presented in a condensed form so as to enable the 
busy practitioner to grasp instantly the important points. 

The Staff of the Bureau of Visual Science of the American Optical 
Company is to be congratulated upon this fine achievement and for 
making this valuable information available to the profession. 


J. 1. K. 


INTRODUCTION TO PHYSIOLOGICAL OPTICS. J. P. C. 
Southall, Professor of Physics in Columbia University. Published 
by the Oxford University Press, 114 Fifth Ave., New York City. 
426 pages. Illustrated. Cloth. $5.50. 1937. 


While not gotten together especially for optometrists, this book 
contains much well written material of interest to members of the 
optometric profession. Southall is well known in optometric circles and 
his new book, like all of his writings is done in the thorough fashion 
which characterizes his work. This /ntroduction covers the anatomy of 
the eye, the dioptric system of vision, various corrective aids used to im- 
prove vision, all of the ametropias, the motor apparatus of the eye and 
the convergence-accommodation balance. The author then goes into some 
detail outlining the various theories of color vision, dwelling also at some 
length on the retinal structure and how it functions. In the section deal- 
ing with telescopic spectacles and contact lenses one is surprised to find 
no mention of the important work done on these aids to subnormal 
vision by the optometrist, Feinbloom. This is a serious omission and 
should be corrected in future editions. This book will, however, fill the 
niche for which it was written and will prove to be of considerable in- 
terest to persons wishing to brush-up on their knowledge of physiological 
optics. 
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N O MATTER where you may be located, the Bausch & Lomb factory, 
for all practical purposes, is at the end of your local telephone line. Due to 
carefully calculated methods of distribution the full facilities of America’s 
foremost optical institution are at the command of practitioners in every 
village, town and City. 


Human vision everywhere deserves the utmost aid of science; Bausch & 
Lomb has made this possible by providing instruments, lenses, frames and 
mountings at strategic centers of population. To you this immediate avail- 
ability of Bausch & Lomb products means much in opportunity for service, 
prestige and income. Speedily as you may provide the needed glasses, you 
can assure your patient that the quality you supply is the finest procurable. 
That uniformly high quality adds to your professional reputation. With 
growing practice comes increased income. All reasons for standardizing on 
Bausch & Lomb products. 


BAUSCH LOMB 


OPTICAL COMPANY + ROCHESTER,N.Y. 


Welcome your Bausch & Lomb Distributor’s Representative—Ambassador of Growth 
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AMERICAN JOURNAL OF OPTOMETRY 


READ THE 


AMERICAN JOURNAL OF OPTOMETRY 


AND 
GET YOUR OPTOMETRIST FRIEND TO SUBSCRIBE TO IT 


You cannot afford to miss any of the articles which are published 
in this Journal. 


Here is a list of interesting and instructive articles. Some of these 
have already been published and others are to be published in this Journal 
during the next twelve months: 


Dr. A. R. Reinke—Form Motion and Color Fields as Applied to Practice. 

Dr. Laurence P. Folsom—The Element of Personality in Professional Economics. 

Dr. Carel C. Koch—Graphic Record Charts. 

Dr. W. S. Farmer—The Practical Application of Fusion, Accommodation and Adduc- 
tion Relation at Near Point. 

Dr. George A. Parkins—A Practical Approach to the Slow Reader Problem in Schools. 

Dr. Brandt Clark—Photographic Measures of Accommodative Convergence. 

Dr. Louis H. Kraskin—The Influences of Emotional Disturbances on the Eye. 

Dr. Jack 1. Kurtz—A Photographic Study of Ocular Fatigue. 

Dr. Julius Neumuller—The Effect of the Ametropic Distance Correction upon the 
Accommodation and Reading Addition. 

Dr. Nelson Greeman—Reading Disabilities. 

Dr. Wm. Henning—A Philosophical Study of Ocular Responses. 

Prof. Glenn A. Fry—An Experimental Analysis of the Accommodation Convergence 
Relation. 

Dr. L. H. Kraskin—Psychology and Diagnosis. 

Dr. O. I. Crawford—A New Principal in Optometry. 

Dr. Wm. Smith—Technique in Strabismus Orthoptics. 

Dr. M. A. Bursack—Photoptic and Scotoptic Vision. 

Dr. Robert Best—Cases of Ocular Pathology. 

Dr. Fay McFadden—Orthoptics—Orthophorics. (A new technic) 


Use this coupon. Clip and mail today 
AMERICAN JOURNAL OF OPTOMETRY 


1502-4 Foshay Tower, Minneapolis, Minn. 
Send the “JOURNAL” for one year to 


Name 
Address 

Yearly Rates 
[) Single Subscription or Renewal........................ $4.00 
[] One New Subscription and one Renewal................. 7.00 
Check, M.O., Draft for the amount of $ is inclosed. 
Signature 
Address 
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FAMOUS THROUGHOUT THE PROFESSION FOR 


From every branch of the Profession comes commen- 
dation of the uniform quality and precision of Titmas 
ephthalmie lenses. Doctor, fitter and optical technician 
share with the patient the fruits of manufacturing 


The Titmus Optical Company, 
Independent Manufecturers of Perfect Quality Ophthalmic Lenses : 
PETERSBURG, VIRGINIA, U. S. A. ‘al 


Have You Moved? 


Send us 
Your New Address 
if You Wish to Receive 
Your Journal Regularly. 


American Journal of Optometry 


Foshay Tower Minneapolis, Minn. 
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Three cardinal points in 


Benson Prescription Service: 


1. Accurate Interpretation 
2. Careful Styling 
3. Individuality 


N. P. BENSON OPTICAL CO., INC. 


“Established 1913” 
Main Office: MINNEAPOLIS, MINN. 


— Branches — 


ABERDEEN EAU CLAIRE RAPID CITY 
BISMARCK LA CROSSE STEVENS POINT 
DULUTH WAUSAU ALBERT LEA 


Satisfaction Beyond Expectateon! 


WALMAN 


SYMMETRO-PRISM 
BIFOCAL SERVICE 


THE WALMAN OPTICAL COMPANY 
MINNEAPOLIS 
GRAND FORKS 


| P 
4 

| ; 
| 

| 

| 

| 3 

| 

| 
| in 

| 

| 
| 
| 

| 

} 
ST. GO 
j 
| 

| x 
i 


WHEN IS A BARGAIN £07 A BARGAIN? 


@ The peddler on the sidewalk shouts about 
his bargains in blades—but never too long 
in the same place because in short order his 
customers find that the cheap blades they 
boughtare no bargains. The bargain autostore 
which opens with blatant banners and rebuilt 
tires soon folds up its signs and silently 
steals away. And shortly thereafter its cus- 
tomers, too, realize that the “specially priced” 
tires were worth no more than they cost! 

And so it is with the most so-called bar- 
gains. Few are the exceptions to the basic 
economic law which governs the pricing of 
merchandise. In buying and selling, a prod- 
uct exacts no more than the equal of its in- 
herent value. In silks or sables you generally 
get only what you pay for. Cut prices and 


discounts almost always mean that the 
product is not good enough to demand its 
established price. Only a special inducement 
will sell it! Optical merchandise is no excep- 
tion to the rule. “Just as good” lenses which 
sell for less are usually worth less. Extra 
discounts mean that something is lacking. 

When you send your prescriptions to a 
Riggs office the discounts are “out” but the 
quality is “in.” You get full value for every 
penny. And we prove it to you because the 
original corrected and first quality toric lens 
envelopes are sent to you with the finished 
Rx. You know the lenses used are the lenses 
you ordered and not something “just as 
good!” Send today’s Rx’s to your Riggs 
office. You'll experience a new satisfaction. 


A/FINISHED PRESCRIPTION IS NO BETTER THAN THE MATERIALS FROM WHICH IT IS MADE 


RIGGS OPTICAL COMPANY 
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FOR YOUR BETTER INFORMATION 


A clear, shadowless circle of illumination—of 
even intensity throughout—is projected by the 
G-3648H Ophthalmoscope. A single rotating disc 
used in connection with this superior illuminating 
system contans thirteen plus and ten minus lenses 
ranging from 0 to + and — 29 diopters; these can 
be easily changed and illumination varied by one- 
hand operation, if necessary. 


To aid in making an ocular examination through 
constricted pupils a pin-hole diaphragm is provid- 
ed, permitting detailed examination of the fundus 
in such cases. 


The illuminated dial of the new G-3648H Oph- 
thalmoscope makes lens index numbers clearly 
visible in dark-room examination—a convenient 
and useful feature. 


For retinal examination a red-free lens can be 
obtained with the Shuron Ophthalmoscope, at a 
slight additional cost. 


The combination of these and other features in 
the new G-3648H Ophthalmoscope enables you to 
get the most out of diagnosis—by placing “right 
at your fingertips” the more complete, more accur- 
ate information that this new diagnostic instru- 
ment can give. 


SHURON OPTICAL COMPANY, INC. 


“The House of Progress” Since 1864 
GENEVA, N. Y. 
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